Abstract. Reclaiming subsided land with fly ash is an effective reclamation method in China. The paper studied spatial-temporal variation of the reclaimed soil filled with fly ash. Reclaimed soil samples were collected from Anhui Province. This research was conducted on four different reclaimed lands with different reclamation years (1, 4, 8 and 12 years) for their temporal variation. Samples from different profiles were chosen for their spatial variation analysis.
Introduction
Coal is the most attractive energy resource in China, accounting for approximately 75% of consumption. Underground mines in China excavate more than 96% of coal output. With the excavation of coal from underground, the severe land subsidence is often resulted, which always causes huge losses of cultivatable lands. According to statistic, the area of subsiding and subsided land from coal mining totals more than 400,000 hectares with a increase of 22,000 hectares each year (Hu 1998) . It is well known that China has a very large population and the cultivatable land shortage is very serious. The mean of cultivatable and permanent farmland per person in China only equals about one-third of the average value in the world. This situation makes the reclamation of subsidence land become an urgent task for our Country.
Filling subsidence land with some filling materials such as coal wastes and fly ash is a practical method for reclaiming subsided land in China. In China, 83.7% of Electrical power is come from coal-fire power station (1999 national statistic data from the Internet). Thus a large amount of fly ash is produced by coal-fire power station. Using fly ash as filling materials into the subsided area is good reclamation method, which could make use of wastes, restore the disturbed lands and reduce land losses due to all kinds of waste piles, and the environmental pollution could also be eliminated. This method has been applied to some subsided sites such as Huaibei (Anhui province), Yanzhou and Xingwen (Shangdong province), Pingdingshan (Henan province), Xuzhou (Jiangsu province) for more than 20 years.
The general procedures of reclaiming subsided land with fly ash are: (1) removing the topsoil from the subsidence lands for forming a circle bank, which results a large pit called ash stockyard; (2) filling the ash stockyard with the coal ash by use of hydraulic transportation; (3) draining the water and settling the coal ash; (4) replacing the topsoil (0.2m-0.5m) on the coal ash.
Fly ash is not real soil. years, plot 3 -reclamation after 8 years, plot 4 -reclamation after 12 years). Since topsoil was about 30 cm and the thickness of topsoil was not exactly same, thus sampling depths were 0~20 cm (soil), 20~30 cm (soil), 30~40 cm (fly ash), 40~60 cm (fly ash) and 60~80 cm (fly ash) (see Fig. 1 , the sampling position in the soil profile). Major tested soil properties were soil bulk density, infiltration rate, soil water content, pH, and content of OM, N, P and K. 
Results and Discussions
Soil bulk density Table 1 listed the results of average soil bulk density in different depths. Fly ash had lower bulk density than cover soil, although fly ash was filled in the deep of the subsided land and underlined the topsoil. The newly reclaimed land had compaction problem, which had the largest values of bulk density. Exception of plot 4, the depth of 20~30 cm had slight larger bulk density than the topsoil. Comparing different plots, inspection of the data it is obvious that the bulk density was improved with time. When the reclamation after 8 or 10 years, the soil Note: plot 1 ---reclamation after 1 year, plot 2---reclamation after 4 years plot 3 ---reclamation after 8 years plot 4 ---reclamation after 12 years conditions may reach the normal soil condition. But, the bulk densities of fly ash in different depths and different plots showed the steady state, which could not be changed with time.
Soil moisture content
The soil moisture content is the important factor affecting the plant growth. Numerous other soil properties depend very strongly upon moisture content (Hillel 1982) . Table 2 listed the soil water contents in different plots and different depths. Since there was rainfall five days ago before sampling, tested soil moisture contents were high. The results showed that fly ash had much higher moisture contents than soil, which was mainly because of the rainfall. But it also indicated that fly ash might be able to holding some water. The soil moisture contents were increased with time, which showed that soil physical condition was improved with time. 
Infiltration
As the reclaimed soil had high moisture content and clay content, the infiltration should be lower than that of farmland. The tested results (see Fig. 2 ) by single ring method revealed that the infiltration rate of the farmland was larger than that of reclaimed soil. Infiltration rates in plot 2, plot 3 and plot 4 were 0.11 mm/min, 0.15 mm/min and 0.25 mm/min, respectively, which showed that the properties of infiltration were improved with time. The reclaimed soils with 4 and 8 years' old had much lower infiltration than that of farmland. The newly reclaimed soil usually had the slowest infiltration, which might lead to the severe erosion and nutrient losses in the reclaimed soil.
pH value. Olsen phosphorus is important for plant growth. It is reported that the classification of Olsen P is classified as being low when less than 5ppm, middle when 5-10ppm, and is considered as being high if larger than 10ppm. Test results (see Fig. 6 ) show that newly reclaimed soil had the least Olsen P content, which was in low level. The Olsen P content in 8-year-old and 12-year-old soils was higher than the other reclaimed lands and were in the middle level. It also showed that soil condition had improved with time. After having been reclaimed for 12 years, some phosphorus had accumulated in the soil, which raised the reclaimed-soil to a higher lever of phosphorus. It indicated that phosphorus is not a limited factor for plant growth after reclaiming 8 years.
Plant available K
The content of readily available K to plants in China is usually ranging 40-200 ppm (Zhu 1992). The tested results in reclaimed soil were 80-200 ppm (see Fig. 7 ), which showed that K was not a restrict factor for plant growth in the reclaimed soil. Test results also show that the content of plant readily available K were increased with time. Soils in 8-year-old and 12-year-old had higher content of plant rapidly available K. Thus some treatments are needed for adjusting pH.
(4) Newly reclaimed soil had lowest contents of OM and N, P, K, which showed the deficient of nutrients. Total N content did not change with time obviously. But OM, Olsen P and plant readily available K were improved with time. The reclaimed soil with 12-year-old had similar contents of OM and readily available K to farmland and middle level of Olsen P, which showed that soil fertility of reclaimed soil could be improved to similar level of normal soil after reclaimed 12 years
